TABLE OF CONTENTS PREVIOUS RESEARCH ON ECONOMIC IMPACTS OF DISASTERS
Much of the research on economic impacts of environmental disasters has tended to be carried out on highly aggregated units of analysis, with national and regional business losses being the focal point of most economic research on disaster impacts. Two early studies examining aggregate economic indexes across multiple disasters concluded that, at most, environmental disasters accelerate existing trends (Friesma, West and Lenze 1994) . Although these large-scale studies are useful for understanding the national and regional impacts of disasters, their level of aggregation has obscured the differential impacts of disasters on specific types of businesses within the affected communities. Indeed, Kroll, Landis, Shen, and Stryker (1990) showed that aggregation level (e.g. city, county, state) strongly affected conclusions about the economic impacts of the 1989 Loma Prieta earthquake. Thus, microanalytic studies are needed to provide guidance for community planners and business owners in developing better methods for reducing disaster impacts.
Consistent with this principle, other studies of the economic impacts of environmental disasters have examined the ways in which individual business prepare for, are disrupted by, and recover from these events. Dahlhamer and D'Souza (1997), Dahlhamer and Reshaur (1996) , Drabek (1991 Drabek ( , 1995 , Lindell and Perry (1998) Midwest floods caused many business closures in Des Moines, Iowa even though physical damage was confined to a small area. Moreover, disasters can cause population dislocation, losses in discretionary income among those victims who remain in the impact area (which can weaken market demand for many products and services) and competitive pressure from large outside businesses. All of these indirect effects cause small businesses to experience a high rate of failure in the aftermath of a disaster (Alesch and Holly 1996; Alesch, Holly, Mittler and Nagy 2001). Indeed, these factors can produce business failures long after the precipitating event, especially if the community was already in economic decline (Bates and Peacock 1993; Durkin 1984; Webb, Tierney and Dahlhamer 2002) , especially those businesses that were marginally profitable before the disaster. Small businesses experience more obstacles than large firms and chains in reestablishing pre-disaster levels of operations. This is because small firms are more likely to be located in non-engineered buildings, depend primarily on neighborhood customers, lack the capacity to design and implement hazard management programs, lack the financial resources needed for recovery, and lack access to governmental recovery programs (Alesch and Holly 1996; Alesch, et al. 2001; Tierney 1996, 1998; Durkin 1984; Kroll et al. 1990 ).
There also is variation among business sectors during recovery. Whereas wholesale and retail businesses generally report experiencing significant sales losses, manufacturing and construction companies often show gains following a disaster (Durkin 1984; Kroll et al. 1990; Webb et al. 2000) . Moreover, businesses that serve a large (e.g. regional or international) market tend to recover more rapidly than those that only serve local markets (Webb et al. 2002) .
This research provides useful empirical evidence for understanding business impacts of environmental disasters and suggests what measures local businesses can take to reduce their hazard vulnerability. It also provides a basis for local government policies that will protect the community's economic base in the event of environmental disasters.
However, none of this research has articulated a systematic model of the business impacts of disasters. Therefore, a systematic model of the business impacts of environmental disasters is presented below.
A CONCEPTUAL MODEL OF DISASTER IMPACTS ON BUSINESSES
Businesses are entities engaging in commercial activities that involve the manipulation and assembly of productive resources to create products and services. Figure 1 depicts the process by which businesses use capital and labor to convert materials and infrastructure received from suppliers into products and services that are delivered to customers. Capital comprises fixed assets, inventories, and cash, securities, and accounts receivable, whereas labor is the contribution of people working with their knowledge and skills (Brigham and Houston 2002; Schugart, Benjamin, Francia and Strawser 2002) . These resources are organized into a value chain that includes purchasing, operations, sales/marketing, service, finance/accounting, research and development (product and process), supervision, general administration (Thompson and Strickland 1996) . By selling its products and services to consumers, a business generates revenues that are then returned to suppliers to make payments that maintain business continuity in a dynamic equilibrium of input and output flows. Conversely, interruption of any part of the flow has the potential to jeopardize business viability. Government, households, and other businesses all play important roles as suppliers and customers for business operations. Government is a supplier of the road network and some lifeline facilities (e.g. water/sewer, electric power, and fuel) and is also a consumer for some of businesses' products and services. Furthermore, government can influence business development through policies such as taxes, loans, land use, building construction, and capital development (Blakely and Bradshaw 2002) . Households contribute to business operations as the primary suppliers of employees and, at the same time, as the major consumers for most products and services. Finally, inter-business linkages are also important; other firms continually supply those portions of infrastructure not supplied by government and also distribute or consume products and services.
Of course, businesses vary in the geographic areas they serve; some have dispersed markets covering large areas whereas others are supplied by and serve only very local markets. A business inside the impact area ( Figure 2 ) might have suppliers either inside or outside the disaster impact area. Similarly, its customers might be located totally inside, partially inside, or totally outside the impact area. Conversely, a business located outside the impact area can be affected through supplier and customer disruptions.
Indeed, it is possible for a business outside the impact area to be more severely affected than one inside the impact area. The model presented in this section makes it possible to enumerate the ways in which environmental disasters affect businesses-capital vulnerability, labor vulnerability, supplier vulnerability, and customer vulnerability.
Capital vulnerability
As noted earlier, business capital can be classified into three categories according to 
Labor vulnerability
Environmental disasters can disrupt businesses' labor inputs by causing significant short-term population changes in a disaster-stricken community. Employee casualties damage to transportation networks after the Loma Prieta earthquake caused significant economic impacts in San Francisco Bay Area and Santa Cruz area.
A business's internal labor organization-defined in terms of the coordination of employees' working times and locations-also affects the magnitude of disaster impacts.
Businesses with flexible forms of labor organization can return to operation shortly after the event, but this response varies by type of business. After the 1989 Loma Prieta earthquake, flexible work hours were widely used in FIRE sector (40.6% of affected companies) and manufacturing (45.5%), but significantly less in construction firms (22.2%) in the Oakland and Santa Cruz areas. However, employees' work locations are less flexible than work hours, so only 10 percent of the companies in the FIRE sector and almost none in the manufacturing and construction sectors allowed employees to work at home (Kroll et al. 1990 ).
Supplier vulnerability
Tierney and Nigg (1995) and Tierney (1997b) hours for telephones, 48 hours for water/sewer, and 120 hour for natural gas.
Disasters can close suppliers, which can force a business to adjust to materials shortage for at least a short time even if it does not experience any physical damages.
Suppose a neighborhood grocery store depends on a regional distribution center for its supplies. If this distribution center suffers severe damage and is forced to shut down, the grocery store must either find a new business partner or also suspend operations. This "domino" effect on production operations produces an economic multiplier in which indirect losses ripple out from the direct losses. Thus, businesses experience direct losses when their capital assets are physically damaged and indirect losses when they are functionally connected to other businesses that have themselves experienced either direct or indirect losses (Committee on Assessing the Costs of Natural Disasters 1999).
Customer vulnerability
For the same reasons as they lose employees, businesses can also lose customers during the disaster aftermath either because of population casualties or, more likely, short-term population dislocation. In addition, demographic changes in disaster stricken communities can destroy the established customer base of local businesses Smith 1996; Smith and McCarty 1996) . A long period of regaining new customers could be fatal for some firms, especially small ones (Alesch et al. 2001 ).
Furthermore, disasters can cause consumer preferences to change and thus influence the market demand for some products and services. Following a major disaster that causes extensive building damage, victims will tend to decrease their consumption of luxury goods and services. For those businesses that provide only these products and services, a disaster can cause an immediate drop in sales. Businesses of this kind, usually small wholesale and retail firms, face the loss of all their sales because of short-term customer losses (e.g. temporary or permanent relocation because of housing damage). By contrast, businesses serving regional or international markets experience less impact on their sales, a phenomenon that explains why manufacturing in the San Francisco Bay Area experienced smaller losses than general wholesale and retail businesses after the Loma Prieta earthquake (Kroll et al. 1990 ). As is the case with consumers, inter-business purchasing partnerships are also subject to disaster-induced disruption. If a major buyer suffers serious disaster impact and decreases its purchases, then the provider business will soon experience decreased sales unless it can find alternate customers.
It is important to recognize that some demand shifts rather than disappears.
Specifically, households put more of their expenditures into reconstructing their homes and replacing damaged furnishings. Consequently, disaster relevant industries such as construction, building materials, and home/office furnishings can experience increasing demand from disaster stricken communities to meet short-term needs for reconstruction of residential, commercial, and industrial structures, and infrastructure (Committee on Assessing the Costs of Natural Disasters 1999). In addition, a large influx of construction crews into a community also stimulates demand for hotels and restaurants (Alesch et al.
2001
; Webb et al. 2002) . One nonobvious consequence of this shift in demand is a compensating shift in supply, as when building supply outlets find themselves facing competition from large outside wholesalers whose sales volume allows them to sell at lower prices. Furthermore, local demand for construction materials experiences a precipitous drop after reconstruction is finished and remains at a depressed level for several years before returning to a stable replacement rate for these products. This "second wave" disaster continues the pressure on local firms' sales. Based upon the above discussions, Table 1 lists these four dimensions of business vulnerability, the underlying key factors for each dimension, operationalization of each factor, and the expected direction of causal effect of each factor on business vulnerability.
Regarding the capital dimension of business vulnerability, mobility, ownership, and business size are three major determinants. These three factors are expected to have negative effects on the level of business vulnerability, which means that business with higher capital mobility, higher proportion of owned capital, and bigger size are less More research is needed to fully test the causal relations depicted in the table.
Modeling business recovery and production losses/gains
One direct implication of these findings is a classification of businesses into groups experiencing similar levels of sales losses following a disaster. Specifically, small wholesale and small retail businesses are generally quite vulnerable to disasters, but wholesale and retail chains, as well as companies in the construction, manufacturing, and This discussion of vulnerability also enables us to conceptualize changes in production, sales, and profits-and thus the dynamics of business recovery. In particular, four cases illustrate firms' variation in their post-disaster sales levels. According to professional services) experience only small decreases in sales after impact and return quickly to pre-disaster levels (Figure 3a) . The second case consists of businesses that also are in the impact area, but have moderate vulnerability. Such businesses (e.g., large manufacturers) experience larger initial drops in their sales levels so recovery takes longer (Figure 3b ). By contrast, the third case consists of businesses that experience initial sales losses because they are inside (thus experiencing direct losses) or near (thus experiencing indirect losses) the impact area. However, they later experience an increase in demand for their products/services during disaster aftermath (Figure 3c ). Recovery related businesses in the building construction, construction materials, and hospitality (e.g., hotels and restaurants) industries exemplify a pattern in which an initial loss (e.g., 
EFFECTS OF HAZARD ADJUSTMENTS ON BUSINESS VULNERABILITY
Hazard adjustment refers to practices taken to respond to environmental threats in ways that reduce threats to personal safety, property, and community functioning. It is well documented that achievement of community emergency preparedness takes place by pre-impact planning, training, and exercising of four groups of activities: emergency assessment, expedient hazard mitigation, population protection, and incident management Some studies examining business hazard adjustment provide only anecdotal data about their implementation and effectiveness. Eguchi and Munroe (1992) reported that before the 1989 Loma Prieta earthquake, the Pacific Gas and Electric Company (PG&E) had a mutual aid plan with Southern California Gas (SCG) addressing emergency inventories, resources, and labor sharing. PG&E also engaged in regular drills involving recovery and restoration of services. After the Loma Prieta earthquake, with support from SCG, PG&E restored disrupted gas service to 50,000 homes within two weeks-four weeks less than the estimated duration. Alesch and Holly (1996) reported cases of mutual emergency coordination on purchasing and distribution among businesses that facilitated a quick recovery following the 1994 Northridge earthquake. Suppliers extended credit periods for victims, whereas customers expedited payment on invoices and, in some Instead, these researchers found no significant relation between a business's hazard adjustment and the magnitude of the impacts it experienced. To explain the discrepancy, they suggested that most business hazard adjustments involve employees' life safety rather than continuity of business operations. Indeed, these studies used a checklist similar to those employed in studies of household disaster preparedness to evaluate business's preparedness adoption level. Alternatively, the failure to find a significant relationship between hazard adjustment and business impact might arise from selective adoption of hazard adjustments by those at greatest risk. Specifically, it might be that businesses with the greatest levels of hazard adjustment were those that had the greatest initial level of hazard vulnerability. If this were the case, their greater level of hazard adjustment actions might have cancelled out their greater level of hazard vulnerabilitythus resulting in comparable levels of damage regardless of the level of hazard adjustment. In addition to developing policies that help businesses after disasters, local government agencies need to encourage businesses to engage in more effective hazard management before disasters strike. However, disaster research has revealed relatively low levels of hazard adjustment adoption, so community hazard awareness programs The discussion presented in this paper only begins to illustrate the uniqueness of businesses' adjustments to environmental hazards. Future research is needed to identify which hazard adjustments are suitable for businesses in general, and which are suitable only for businesses of a particular size or in a particular economic sector. In addition, future research is needed to examine the ways in which local planners and emergency managers can more successfully construct hazard messages, select appropriate communications channels, and select message source-all of which are all critical components for an effective hazard awareness program (Lindell and Perry 2004) .
IMPLICATIONS FOR POLICY AND FUTURE RESEARCH
Furthermore, research is needed to identify other policy tools, such as incentives and sanctions, that can effectively induce businesses to adopt hazard adjustments.
One challenge for business disaster preparedness is that investments in hazard mitigation and emergency decrease short-term profitability. For example, employee losses can be avoided by cross training, but this requires an initial investment and might also require refresher training if the alternative tasks are complex. Overstaffing is another strategy to ensure continued labor availability, but this also produces continuing costs.
Contracts for outsourcing can limit the routine costs, but the effectiveness of this strategy after a disaster might depend upon the survival of the telecommunications and transportation networks. Thus, further research is needed to identify additional hazard adjustments and increase the effectiveness and reduce the costs of existing adjustments.
Several other research questions raised by the business impacts and vulnerability analysis include the more detailed qualitative description and quantitative measure of households' consumption changes before and after a natural disaster and the impact of population dislocation on the viability of businesses in disaster impact areas.
Because this is a preliminary model, further research is needed to provide a closer examination of the emergency response and disaster recovery demands of different business sectors in communities with different natural hazard threats, various impact intensities, and different socioeconomic and socio-demographic settings. Also needed is a more detailed understanding of the ways in which local jurisdictions can facilitate businesses' emergency response and disaster recovery. The business impacts model, which shows how businesses impacts can result from input disruption (e.g. building/equipment damage, inventory damage, infrastructure failure, and workforce losses) and output disruption (e.g. customer loss, demand shifts) can serve as a starting point for research along this line.
